approaches and prevention through parental education. Although it has been suggested that unmodified extinction is the most effective method for reducing ITSD, there are some practical difficulties associated with this approach. Without attending to their infants when they cry during the night, many parents experience feelings of guilt. These parents are unable to wait until their infants go back to sleep before attending to them again. Considering the difficulties in correcting parental behaviors and reversing the associated learning mechanism in infants that exacerbates ITSD, parental education prior to the development of frequent night waking is advocated as the most acceptable and effective solution. Straightforward educational approaches aimed at preventing ITSD have shown promising results. Several reports have provided strong evidence that education using behavioral booklets is an effective strategy for reducing ITSD incidence. 3, 13, 15, 16 There have been several studies on the effects of education as an early intervention strategy during the neonatal 15 and pregnancy 17, 18 stages of parenthood. In many of these studies, outcome measures related to infant sleep and maternal distress have been evaluated. However, there is little data concerning parental behavioral changes after intervention. Because the key focus of education strategies aimed at reducing ITSD is on practical parental behaviors, and considering that parental behavioral patterns play a key role in shaping infant sleep behavior, an in-depth understanding of parental behavior is highly desirable. Establishing effective educational strategies that promote healthy sleep patterns in infants will be beneficial to the mental health of infants and parents. To accomplish this, implementation of suitable educational programs in primary care settings is a necessary requirement.
In Japan, the relationship between parental behavior and infant sleep problems is not clearly understood. Indeed, research has been lacking into behavioral interventions that address sleep problems in infants. Furthermore, infants sleeping with their parents is common in Japan and is traditionally accepted. 19, 20 In the current infant health check-up system, the Mother and Child Health Law makes no provision for information or education for parents on infant sleep patterns.
We previously reported that 4-month-old infants go to bed late (mean bedtime: 10:28 pm) and demonstrated a high night waking rate of 70% in a questionnaire-based investigation in Chuo-ku, Fukuoka City, Japan. 21 In the same subjects, we showed clear relationships between undesirable parenting and infant sleep problems, and found by using path analysis that sleep difficulties in infants contribute to sleep disturbances and associated health problems in the mother. Additionally, 30% of the mothers questioned were suspected of having some type of sleep disorder, and more than half the mothers had undesirable parenting habits considered detrimental toward healthy infant sleep. 22 In view of these concerns, we tested an intervention strategy that involved providing mothers with a simple educational booklet about infant sleep and parental behavior during their 4-month-old infant health check-up session.
In this study, we sought to accomplish two major aims. Our first aim was to determine if parental behaviors in mothers were modified by simple informational content on behavior provided in the booklet. Second, we sought to evaluate the efficacy of this intervention strategy in preventing sleep problems in 4-month-old infants. To examine educational effects, the intervention group was compared with a control group over a 3-month period.
Methods
The study subjects consisted of mothers and infants who visited a health check-up session for 4-month-old children at the Fukuoka Chuo Health Center in January and February 2005. This check-up is performed for all residents as a health service that is provided in accordance with the Mother and Child Health Law. The same subjects that participated in previous cross-sectional research studies 21, 22 were evaluated in this study. This study was conducted in collaboration with the Center for Public Health and Welfare, Chuo-ku, Fukuoka City.
Study Protocol
This study used a prospective cohort design with cluster sampling controls (figure 1). The 3-month research protocol was approved by the Ethics Committee of the Association for Preventive Medicine of Japan. Of 203 participants invited to participate, 196 (194 mothers, 1 father, and 1 grandmother) agreed to provide answers to our questionnaire. Informed consent was obtained from each study participant. The actual response rate was 96.6% for completion of the questionnaire. The subjects in the intervention group were recruited in January, while those in the control group were recruited in February. Following completion of the questionnaire, subjects were also assessed with a follow-up questionnaire 3 months later. Figure 1 shows a flow diagram of participants as they progressed through the various stages of the study. A total of 103 participants who visited the health check-up session were invited to participate in the survey as intervention group study subjects. Among them, 99 mothers agreed to participate and provided answers for the baseline stage of the questionnaire. These individuals received a booklet entitled "Baby, Sleep Well at Night" 23 following the health check-up and then participated in a brief 10-minute group presentation (delivered by the first author) that provided guidance on infant sleep. The booklet was written as part of a review report on behavioral strategies to improve infant sleep problems. 24 The table of contents from the booklet are presented in appendix 1 of this article. It consists of 20 pages providing educational information on practical behaviors that have previously been outlined in publications by Kerr and Jowett, 25 Schmitt 26 and Eckerberg. 13 The booklet provides content regarding the theoretical background and reasons believed to be responsible for night waking. The booklet also contains information on the development of circadian rhythms in newborns as well as advice regarding optimal environmental conditions and parental behavioral patterns for encouraging healthy sleep habits of infants. In addition, information is also provided on the behavioral principle of operant conditioning. A list of recommended behavioral strategies is presented in the booklet that aims to promote extinction of night waking and improve difficulties in settling to sleep. Among these behavioral interventions, desirable parental strategies include waiting for a short time without responding when the infant cries during the night and silently checking the bed and clothes of the infant. In contrast, behaviors listed as undesirable include prompt feeding or immediate checking of the infant's diaper following night waking as well as prompt holding and soothing. In order to appropriately shape circadian rhythms and minimize the likelihood of bedtime settling problems, several behaviors were recommended: increasing daytime play activities involving abundant visual and auditory stimulation, establishing a regular waking time and bedtime, avoidance of exertive activities later in the evening, establishing a designated place for sleeping at a specific time, setting a bedtime routine, and encouraging the infant to fall sleep alone.
Intervention and Control Groups
One hundred participants who visited the health check-up center enrolled in the control group. Ninety-five mothers agreed to participate in the survey and completed the questionnaire. These participants received no information on infant sleep and were provided with only the standard parenting educational information that is supplied to all visitors at the health checkup session. General information included advice on feeding, bathing, vaccinations. The control group participants received the educational booklet after the follow-up phase of the survey had been completed.
Data Collection
A follow-up questionnaire was sent to participants by postal mail at 3 months following completion of the baseline questionnaire. The questionnaire (appendix 2) was designed to evaluate sleep patterns and sleep problems in infants and mothers, parental behaviors that occurred in response to infant night waking, parental behaviors directed at efforts to promote desirable sleep patterns in infants, parental difficulties with and feelings about caring for the infant. Seventy mothers in the intervention group (70.7%) and 66 mothers in the control group (69.5%) responded at the follow-up stage of the questionnaire. There was no difference in the response rate between the two groups.
Measurements
Parental behaviors (sections 4 and 6, appendix 2), infant sleep problems such as night waking (section 5, appendix 2), and sleep parameters (section 1 and 2, appendix 2) were measured in mothers and infants. To evaluate parental behavior and infant sleep problems, the proportion of mothers who selected each item (which consisted of multiple answers) in the questionnaire was calculated and pre/post comparison was conducted in the intervention group and in the control group, respectively. Comparisons were then made between the intervention group and the control group at baseline of the survey and at the follow-up.
Data Analysis
For analysis, Student's t test, ANOVA, McNemar's test, and the c 2 test were conducted using the Statistical Package for the Social Sciences (SPSS version 12.0J for Windows). The level for statistical significance was set at P <0.05, while a tendency toward a difference was considered at P <0.1. Table 1 shows the baseline characteristics of the infants and mothers, which were assessed at the first stage of the study. No significant differences were observed between the intervention group and the control group at baseline. Table 2 shows parental behavioral changes in the intervention group and the control group assessed at the 3-month follow-up stage. The mothers in the intervention group showed significant behavioral improvement relative to the control group. The incidence of undesirable parental behaviors likely to reinforce infant night waking patterns decreased. Thus, "feed or check diaper promptly" behavior decreased from 66.7% at the preintervention stage to 36.4% post-intervention (P = 0.001), while "hold and soothe immediately" parental behavior decreased from 22.7% to 10.6% (P = 0.021). In addition, efforts to shape favorable sleep patterns in infants were found to have increased in the intervention group. Desirable behaviors such as "play with infant or stimulate in the daytime" (P = 0.003), "settle to sleep at the same place" (P = 0.008), and "set regular bedtime and waking time" (P = 0.007) were significantly increased.
Results
Desirable parental behavioral changes also were observed in the control group. "Feed or check diaper promptly" behavior decreased from 80.0% to 53.8% (P = 0.001), and "wait for a while without responding" behavior increased from 30.8% to 49.2% (P = 0.017). However, the magnitude of these changes was less than those in the intervention group. Comparisons between the experimental groups showed that "feed or check diaper promptly" behavior as well as "hold and soothe immediately" behavior had a tendency toward reduction in the intervention group relative to the control group at the follow-up stage (although both these behaviors did not significantly differ to the pre-intervention stage). In addition, an unfavorable and significant decrease in the "wake infants longer in the daytime" parameter was detected in the control group (P = 0.039). Table 3 shows the changes in the incidence of infant sleep problems at the follow-up stage of the study relative to the initial assessment phase. The proportion of the "night waking infants" (infants who woke more than once between midnight and 6:00 am) significantly increased from 53.0% to 66.7% in the control group (P = 0.022), while no difference was found in this parameter for the intervention group. "Frequent night waking and crying at night" showed a tendency toward increase (from 8.1% to 19.4%) in the control group (P = 0.065), while no difference was detected in the intervention group. The proportion of infants who showed "difficulty settling" decreased in both groups.
With regard to the sleep patterns of infants and mothers, a number of changes were detected in both groups from baseline to follow-up. Overall, the mean bedtime of the infants was found to be 40 minutes earlier (moving back from 10:23 pm to 9:43 pm), while the number of night wakings increased from a mean of 0.97 to 1.24 (P <0.05). The mean number of naps decreased by 0.25 from 2.49 to 2.24, and the mean total nap time was reduced by 68 minutes from 235.88 minutes to 167.71 minutes. The bedtime of mothers was found to be 17 minutes earlier (moving back from 12:03 am to 11:46 pm), and the rising time also was earlier by 28 minutes (moving back from 7:33 am to 7:05 am). These changes did not significantly differ between the intervention and control groups.
Discussion
The findings in this study show that a simple intervention strategy that involved providing mothers with an educational booklet was effective in improving parental ability to promote healthy sleep patterns in their infants. By using this approach, we found that parental behaviors were significantly modified. Undesirable parental behaviors that reinforce night waking in infants were significantly reduced, while desirable behaviors beneficial for infant sleep were increased. The magnitudes of the behavioral changes were greater in the intervention group relative to the control group (note, however, that improvements were observed also in the control group). In a previous study that involved the same subjects, it was found that various undesirable parental behaviors had a negative effect on sleep problems in infants. 22 Theoretically, modification of such behaviors may improve sleep problems in infants. Although our results do not show an improvement in infant sleep problems following the intervention strategy, on the basis of this study, it is suggested that this may represent an effective method for limiting further deterioration in night waking. Thus, our results show that the number of "night waking infants" significantly increased in the control group, while the incidence of "frequent night waking and crying at night" showed a tendency toward increase in the control group but not in the intervention group. Our findings support a scenario whereby educational intervention, while not significantly Table 3 . Sleep-related problems in infants. reducing the incidence of existing infant sleep problems, may be beneficial as a preventative strategy to limit the progression of such problems.
The reasons underlying the transition toward desirable changes in parental behavior in the control group as this study progressed are unclear. It is possible that the multiple choice questions in the initial questionnaire highlighted possible parental behavioral options available for controlling night waking in infants, which mothers in both groups may subsequently have adopted.
The changes found in the various sleep parameters of the infants in both groups are thought to be due to normal developmental changes. Earlier bedtimes and rising times for the mother, as well as being influenced by seasonal changes from winter to spring, are likely to be positively influenced by earlier infant bedtimes.
This study has three major advantages over other studies that have been performed in this research area. First, the educational intervention method tested here is straightforward (participants in the intervention group received information that was delivered in a 10-minute presentation and a self-help booklet only) and is therefore likely to be readily accepted by health practitioners and mothers. Indeed, this intervention strategy was performed easily in the settings of the usual health check-up system. Second, subjects were local residents who were unlikely to show selection bias. The residents who participated in the study were receiving a health check-up that is legally required for 4-month-old infants. There was no difference in the response rate to the follow-up survey between the experimental groups; both were 70%. Third, the intervention method involved a population-based approach. Thus, the mothers who participated did not necessarily feel they were experiencing difficulties with the sleep patterns of their infant, and therefore in general held no special interest in this issue. In view of our approach, this study in particular stands out from previous research in this area. For example, in contrast to the recruitment method employed here, the subjects in a study of primary care intervention undertaken by Adair and colleagues 27 were recruited by clinic visitors. Although a randomized controlled study performed by Scott and Richards 3 provided no evidence that advice and support are effective for improving infant sleep problems, it is important to note that their study subjects were recruited and selected by screening methods. Although the present study was not a strict randomized control trial, conditions of participation within the health check-up system, as well as the demographic variables, were common between groups. Comparisons in this study are therefore most likely viable between the intervention and control groups.
Despite its advantages, this study has several limitations that should be considered when interpreting its findings. First, all information regarding the independent and dependent variables were provided by self-reports from mothers, without objective verification methods or the use of a sleep diary. Second, the data lack "infant rising time" and "total sleep time" parameters. Moreover, in order to maximize research feasibility, operational definitions were not included on the questionnaire (this was deliberate so that most mothers would easily be able to answer the questions). In practice, it is difficult to design surveys that are relatively straightforward, which at the same time provide detailed accurate assessments. Third, this study used cluster-selected controls and was not a randomized trial. Further research involving a randomized control trial with more precise sleep assessment criteria [28] [29] [30] is needed to confirm the effectiveness of this intervention. 
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